The inhibition activity of three imine compounds with sulphanilic acid was done using density functional theory (DFT) method at the B3LYP and O3LYP/6-31+G(d,p) basis set level in order to obtain the different inhibition efficiencies and reactive sites of corresponding compounds as corrosion inhibitors. Some structural and electronic properties such as the frontier molecular orbital (HOMO and LUMO) energies, energy gap, charge distribution, electron affinity, ionization potential, dipole moment, hardness, softness, the absolute electronegativity, the electrophilicity index and the fractions of electrons transferred from imine molecules to Fe were obtained from the calculation results at B3LYP and O3LYP/6-31+G(d,p) level of theory. These parameters are closely related to the inhibition efficiency. The calculated these parameters are compared with experimental inhibition efficiency using linear regression analysis to determine the most effective parameter on inhibition efficiency.
INTRODUCTION
Corrosion is worldwide an important industrial problem and millions of dollars are lost each year especially due to the corrosion of iron and steel. For this reason, the corrosion problem has attracted the attention of many investigators and researchers. Corrosion protection of metals at the beginning of the most simple and practical method comes from the use of inhibitors. The Protection of metals against corrosion is possible by the use of inhibitors as a simplest and practical method [1, 2] . The selection of effective inhibitors is dependent on their electron donating properties and mechanism of action [3] . Organic compounds containing electronegative functional groups and π bonds in their structures are the most efficient inhibitors. The anticorrosive properties of organic molecules are mainly depend on their ability to get on the metal surface which consists of the replacement of water molecules at the corroding interface [4, 5] Nowadays, research and development of new and more effective organic inhibitors have been of great importance. Therefore, understanding of the electronic properties of the interaction between the inhibitor molecules and the metal surface is the main objective [6] .
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The quantum chemical calculations have been used recently to explain the mechanism of corrosion inhibition. They are very helpful in understanding the relationship between the corrosion the structural and inhibition properties of a wide range of organic corrosion inhibitors [3, 6] . The number of theoretical studies on the anti-corrosion properties of organic compounds is increasing day by day. These studies are often on correlation between experimental efficiencies of inhibitors and the results of quantum chemical calculations [7] [8] [9] [10] [11] [12] [13] . It was found good agreement between the experimental and theoretical studies of corrosion in these literature studies.
The aim of this study is to investigate computationally inhibitory action of aromatic imines with sulphanilic acid in gas phase using B3LYP and O3LYP methods with 6-31+G(d,p) basis set. In this theoretical study, the corrosion inhibition of some imine compounds (Fig. 1 ), 4-(benzylidene amino benzene sulfanilic acid) (SB1), 4-(4'-methoxy benzylidene amino benzene sulfanilic acid) (SB2), 4-(4'-hydroxyl-3'-methoxy benzylidene amino benzene sulfanilic acid) (SB3), previously [14] performed experimentally corrosion inhibition studies, was investigated using the results of theoretical calculations. The structural parameters, such as the frontier molecular orbital (HOMO and LUMO) energies, energy gap (E Gap ), charge distribution, electron affinity (EA), ionization potential (IP), dipole moment (μ), hardness (η), softness (S), absolute electronegativity (χ), electrophilicity index (ω), fractions of electrons transferred (ΔN) and back donation (ΔE) for corresponding molecules. This is the first computational study on corrosion inhibitory action of three imine compounds with sulphanilic acid. 
COMPUTATIONAL DETAILS
Theoretical study of imine derivatives with sulphanilic acid as corrosion inhibitors was done by using the Density Functional Theory (DFT) with the B3LYP [15] and O3LYP [16] /6-31+G(d,p) method implemented in Gaussian 03 program package [17] .
In this study, some molecular properties were calculated such as the frontier molecular orbital (HOMO and LUMO) energies, energy gap (E Gap ), charge distribution, electron affinity (EA), ionization The energies of HOMO and LUMO are related to the IP and EA, respectively in framework of Koopmans' theorem [18] .
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The χ and η can determine the following expressions from calculated the IP and EA.
The S is defined as the inverse of the η [3] .
The electrophilicity has been introduced by Parr et al. [19] , is a descriptor of reactivity that allows a quantitative classification of the global electrophilic nature of a compound within a relative scale. They have proposed the ω as a measure of energy lowering owing to maximal electron flow between donor and acceptor and ω is defined as follows. The electronic flow will happen from the molecule with the lower electronegativity (the organic inhibitor) to higher value (the metallic surface) for a reaction of two systems with different electronegativity, until the chemical potential becomes equalized [3] . Therefore the ΔN from the inhibitor molecule to the metallic atom was calculated using Pearson electronegativity scale [20] .
From the formula, the χ Fe and χ inh denote absolute electronegativity of Fe and an inhibitor molecule, respectively; the η Fe and η inh denote the absolute hardness of Fe and the inhibitor molecule, respectively.
A theoretical values of the χ Fe = 7 eV and η Fe = 0 were used for computation of ΔN values [20] .
An electronic back-donation process might be occurring governing the interaction between the metal surface and inhibitor molecule according to the simple charge transfer model for donation and back-donation of charges [21] . The concept establishes that if both processes occur (namely charge transfer to the molecule and back-donation from the molecule) the energy change is directly related to the hardness of the molecule as shown below in (8). The ΔE Back-donation implies that when η > 0 and ΔE Back-donation < 0 the charge transfer to a molecule, followed by a back-donation from the molecule, is energetically preferred. In this context, it is possible to compare the stabilization among inhibiting molecules, since there will be an interaction with the same metal, then, it is expected that it will decrease as the hardness increases.
RESULTS AND DISCUSSION
The FMOs (HOMO and LUMO) are very important for describing chemical reactivity. The HOMO containing electrons, represents the ability (E HOMO ) to donate an electron, whereas, LUMO haven't not electrons, as an electron acceptor represents the ability (E LUMO ) to obtain an electron. The energy gap between HOMO and LUMO determines the kinetic stability, chemical reactivity, optical polarizability and chemical hardness-softness of a compound [22] .
Firstly, in this study, we calculated the HOMO and LUMO orbital energies by using B3LYP and O3LYP methods with 6-31+G(d,p). All other calculations were performed using the results with some assumptions. The higher values of E HOMO indicate an increase for the electron donor and this means a better inhibitory activity with increasing adsorption of the inhibitor on a metal surface, whereas E LUMO indicates the ability to accept electron of the molecule. The adsorption ability of the inhibitor to the metal surface increases with increasing of E HOMO and decreasing of E LUMO . The HOMO and LUMO orbital energies and images of SB1, SB2 and SB3 were performed and were shown in Table 1 and Fig. 2 . Also, the relationships between HOMO-LUMO orbital energies of three imine inhibitors and their inhibition efficiency (IE) are plotted in Fig. 3 . Here we see very clear that the inhibition efficiency has a good correlation with E HOMO and E LUMO . The IE of corresponding molecules increases with increasing values of E HOMO and with decreasing values of E LUMO . The determination coefficient (R 2 ) related to HOMO is 0.963 for B3LYP and 0.960 for O3LYP method. The R 2 related to LOMO is 0.997 for B3LYP and 0.999 for O3LYP method. From these results, it can consider that the HOMO and LUMO may play a main role in corrosion inhibition efficiency. The energy gap (E Gap ) between HOMO and LUMO has generally great importance in understanding the static molecular reactivity. Large values of the E Gap indicate high electronic stability resulting in low reactivity, when low values imply that it will be easier to excitation one electron from HOMO to LUMO which can result in good inhibition efficiency. The E Gap values calculated from the energy difference between E HOMO and E LOMO are shown in Table 1 . From Fig. 3 The dipole moment (μ) of a molecule is another important electronic parameter which provides the information on the polarity and the reactivity indicator. The calculated results show that SB2 have the highest value of dipole moment 8.840 D with respect to SB3 and SB1 with values of 8.336 D and 6.945 D, respectively. From here, it can assume that the adsorption of SB2 onto the metallic surface will be stronger than those of SB3 and SB1, and thus the corresponding inhibition efficiencies will follow the order SB2>SB3>SB1. From Fig. 3 , we see very clear that there is a relationship between the μ and IE. The IE of corresponding molecules increases of with increasing values of μ. The R 2 related to μ is 0.999 for B3LYP and 0.998 for O3LYP method. From the R 2 values, it can consider that μ may play a main role in corrosion inhibition efficiency. From Table 2 , the order of electronegativity (χ) is seen as SB1>SB3>SB2 for both B3LYP and O3LYP. Thus, an increase in the difference of electronegativity between the inhibitor and the metal is determined in the order SB2>SB3>SB1. From Fig. 3 , we can see that the IE has a good negative correlation with χ. The IE of corresponding molecules increases of with decreasing values of χ. The R 2 related to χ is 0.986 for B3LYP and 0.982 for O3LYP method.
According to Sanderson's electronegativity equalization principle [23] , SB1, has a high electronegativity and low difference of electronegativity quickly reaches equalization. Therefore, low reactivity is expected which in turn indicates low inhibition.
From Fig. 3 , we can see that the IE has negative correlation with hardness (ƞ) and positive correlation with softness (S). The IE of corresponding molecules increases of with decreasing values of ƞ and with increasing values of S. The R 2 related to ƞ is 0.834 for B3LYP and 0.832 for O3LYP and related to S is 0.827 for both B3LYP and O3LYP method. the atoms and molecules [24] . The low IP of the molecule SB2, is 6.423 for B3LYP and 2.379 (eV) for O3LYP method, indicates the high IE. From Table 2 , we can see that the IP has a good relationship with IE and the IE of corresponding molecules increases of with decreasing values of IP. The values of ΔN and ΔE were also calculated and shown in Table 3 . The ΔN describes the trend of electrons donation within a set of inhibitors. From Lukovits's study [25] , if ΔN < 3.6 then the inhibition efficiency increased with increasing electron-donating ability at the mild steel/electrolyte interface. The calculated values of ΔN shown in Table 3 are all below 3.6 and SB2 has higher value of ΔN than SB1 and SB3, respectively. This result implies good disposition of SB2 molecule to donate their electrons leading to increase their adsorption on the metal surface and to increase their inhibition efficiencies. Here, we understand that values of ΔN correlates strongly with experimental inhibition efficiencies. From Fig. 3 , we can see that the ΔN has a good relationship with IE. The IE of corresponding molecules increases of with increasing values of ΔN. The R 2 related to ΔN is 0.955 for both B3LYP and O3LYP method. Generally the charge of the inhibitor could affect the adsorption through influencing the charge distribution at some functional atoms or groups. In this study, we found that the IE shows positively 
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CONCLUSION
In this study, the quantum chemical calculations, using DFT/B3LYP and O3LYP methods with 6-31+G(d,p) basis set, have been performed on some imine compounds, SB1 SB2 and SB3 to investigate their structural and electronic properties in an attempt to elucidate the reactivity and selectivity centres of the molecules. We have found that the inhibition efficiencies of SB1, SB2 and SB3 increases with the increase in E HOMO , E LUMO , μ, S, ΔN and decreases in E Gap , χ, η, C N .
The parameters like η, S, μ, EA, IP, χ and ΔN confirms the inhibition efficiency in the order of SB2>SB3>SB1. Because the values of R 2 greater than 0.950 were observed for E HOMO , E LUMO , μ, χ, ΔN and C N , these parameters may be used in the estimation of the inhibition efficiencies of organic compounds such as SB1, SB2 and SB3. The computational results obtained from B3LYP and O3LYP methods are generally parallel each other for this study, although the results obtained from O3LYP method on C N is not compatible with values of IE. As a result, we observed that there is a good correlation between the theoretical and experimental studies on related molecules.
